1 Introduction Most breakthroughs in semiconductor physics and technology over the last thirty years originated from quantum confinement of elementary excitations along one, two, or three spatial dimensions [1] and from the improvement of their coupling to the electromagnetic field. Indeed, confinement in semiconductor structures allows design and shaping of their electrical and optical properties, and the study of various effects, ranging from the Purcell effect [2] to full quantum confinement. Such confinement allows to control the emission properties of matter, and can be used for applications in many fields, ranging from optoelectronics to quantum information.
Microcavity polaritons are 2D quasi-particles arising from the strong-coupling between a quantum well exciton and a cavity photon. Thanks to their excitonic content, polaritons can interact strongly, added to their peculiar dispersion shape, this allowed to observe polariton parametric scattering where two polaritons in an initial pump state (E p , k p ), scatter towards idler (E i , k i ) and signal (E s , k s ) states, along the lower polariton (LP) dispersion curve [3, 4] . This process is similar to the optical parametric oscillator (OPO). It has lead to the observation of several phenomena of interest as giant parametric amplification [5] or coherent control of polaritons [6] along with a varied phenomenology. For one given pump state, the allowed couples of signals and idlers are described by 8-shaped lines in the 2D reciprocal space, as was observed by [7] . One interesting pump state is at the so-called magic angle, for which the signal state corresponds to the bottom of the dispersion, that is the lower polariton ground state (E 0 , k = 0). This situation shows the smallest density threshold for parametric conversion [3, 4, 8] .
Experimental facts

Sample
We fabricated a GaAs/AlAs 2D semiconductor λ-microcavity with an embedded InGaAs quantum well, giving rise to a Rabi splitting of 3.5 meV. We have designed and realized 6 nm high mesas of 9 µm in diameter on the top of the spacer layer, which act as 0D traps for the photon mode. We previously demonstrated and characterized strong-coupling in 0 and 2 dimensions for the various mesa sizes [9] . The 0D structure shows a very high-Q factor of ∼ 21000, thanks to the fact that the confining mesas have sizes smaller than the typical optical disorder in GaAs microcavities [10, 11] .
In such a confined structure, the dispersion curve shows discrete levels, delocalised in the reciprocal (k-)space, and thus with an angular broadening, as we have previously observed [12, 13] . This should favor parametric processes, due to the relaxation of the wave vector conservation condition. In the scope of the quest for parametric amplification in our system, we present here studies under resonant excitation on a 0D trapped polariton state in a 9 µ-mesa. We performed detailed studies of the behavior of the photoluminescence (PL) emission of the ground state of the system, while increasing the density of created population, which is linearly linked to the pump power.
While the non-resonant excitation at high energy of the system creates free carriers contributing to the total density of population and thus to the loss of the strong-coupling regime [12] [13] [14] , resonant excitation of the system creates only polaritons. In order to excite selectively a given eigenstate, one needs to be able to observe these states. As they are defined in the wave vectors' basis, it is necessary to observe the reciprocal space (accessible through angle resolved imaging and excitation) of the sample in order to be able to select which state to populate.
Experimental set-up
Excitation of the sample is performed with a continuous tunable TiSa laser, the excitation angle is 10
• , and the energy of the laser is 1486.3 meV. By imaging the k-space of the sample on the slit of a spectrometer, we obtain angle resolved spectra, and thus image the k-space of the system. Fig. 1(a) shows the PL spectrum obtained in this configuration for a 9 µm-diameter mesa, at zero detuning for the lower confined polariton mode, while exciting non-resonantly (at high energy) the system. One can see that the confined states have lobes depending on the angle of detection. (These lobes correspond to the quantum number m [13, 15] ) We therefore chose the laser pumping angle so that it corresponds to a lobe on the image shown on Fig. 1(a) , in order to, as much as possible, improve its coupling to the system. The energy chosen shows an available signal-idler couple of states fulfilling the energy conservation with a precision better than the linewidth: E idler − E pump = 0.87 meV and E pump − E signal = 0.90 meV, where the signal state is the LP ground confined state. These values are smaller than the linewidth of the confined photon: 0.90 − 0.87 = 0.03 meV < 0.1 meV γ 0D , and thus of the confined polariton. 
Results
Results obtained are shown on Fig. 2 , three regimes are distinguishable for the PL intensity evolution: linear, quadratic and then a saturation. We integrated the whole angular extension of the 0D ground state. The signal shown on Fig. 2(a) is thus directly proportional to the whole population of this state. A quadratic fit describes well the evolution between 60 µW and 260 µW. We were easily able to trace the evolution of the linewidth and energy of this state on Figs. 2(b) and (c) . There is indeed a small increase of the linewidth due to density effects. There is also a slight blueshift of the resonance energy. This blueshift being small compared to the Rabi splitting (0.08 times the Rabi), we can fairly assume that the system stays in strong coupling regime during the first two regimes. We discuss below the high excitation power case.
Signs of bistability?
The first linear regime is attributed to linear relaxation channels, while the quadratic regime shows the contribution, as in the 2D case, of polariton-polariton scattering, namely, parametric luminescence [16] . We did not observe any luminescence at the 
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Article idler state, but its intensity is expected to be extremely low [4, 5] : it shows a very small photonic component (due to its positive detuning) and it has many relaxation and coupling channels possible with lower energy states or with the 2D exciton. The following saturation is attributed to the fact that the polariton mode blueshifts while the population increases, leading to a detuning with respect to the excitation.
Two phenomena can be considered for the blueshift of the polariton mode: the polariton-polariton interaction [8, 16] and the bleaching of the strong coupling regime [17] . It has been shown for the first phenomenon by [18, 19] and for the second by [20] that both phenomena can lead to optical bistability in the case of 2D polaritons. Indeed, we were able to fit the peculiar shapes of the ground state intensity evolution by a cubic polynomial expression, characteristic of bistability, by inverting the two axes of the plotted graphs. Fig. 3(a) shows again the evolution of the ground mode luminescence intensity under increasing excitation power, more points have been taken at critical positions such as apparent regime change. Fig. 3(b) shows the same data as Fig. 3(a) , but the pump power is plotted as a function of the emitted PL intensity. A cubic polynomial fits very well the measurements. In the following, we try to determine which source of blueshift is dominating in our system, and if it can leads to bistability. Evolution of the ground state PL intensity of a 9 µm mesa, seen in two different ways: on one graph the PL intensity is shown as a function of the pump power, in the other graph it is the pump power which is seen as a function of the PL intensity.
Degenerate scattering
Reference [19] shows that bistability can be obtained through degenerate parametric oscillations, and reference [18] provides an experimental evidence in the case of normal incidence excitation. Polaritons scatter coherently within the pumped state (where energy and phase-matching conditions are obviously fulfilled) yielding a nonlinear dependence of the polariton field with the pump power. Polaritons then relax linearly through phonons towards the ground state. The evolution of the ground state population is thus representative of the evolution of the pumped state population. In this case, the system shows a bistable behaviour for a positive detuning of the laser with respect to the pumped polariton energy. The results shown on Fig. 3 were performed with such a positive detuning, but didn't show any hysteresis or instability behavior. For various detunings, the evolution of the PL intensity was never sharper than what is shown here. We therefore ruled out the degenerate scattering assumption.
4.2 Bleaching of the strong-coupling regime Reference [20] suggests another phenomena yielding a bistable behavior in the dependence of a polariton population with respect to a pump intensity: the bleaching of the strong coupling regime, while exciting resonantly a polariton state. The developed model uses the experimental parameters of [21] (an AlGaAs/AlAs cavity with five embedded GaAs quantum wells). According to Ref. [20] , bistability depends on a broadening factor directly related to the linewidth of the exciton resonance. If the latter is too large, no bistability is observed, but simply a cubic behavior. We could not tune this parameter, as we worked on one sample showing a given linewidth, and could therefore not conclude on this point.
Future samples with various exciton linewidths may allow us to observe bistable behaviour and confirm the assumption of the bleaching of the strong coupling.
Balance and conclusions
We performed various studies looking for a massive redistribution of the polariton population towards a single state, this would open the way to parametric oscillation and amplification. We observed quadratic regimes, indicating that polaritonpolariton scattering takes place in the relaxation processes towards the ground confined polariton states, but did not observe any oscillation, most probably because the nonlinear thresholds were too high, compared to the strongto-weak coupling cross-over threshold. A solution to overcome this effect would be to increase the number of quantum wells within the cavity. This would yield an increase of the strong-to-weak-coupling transition without affecting the nonlinear thresholds.
We have observed cubic dependances, indicating that bistability, as described by [20] , would be possible in our mesa structures. In this case, the subsequent quantization of the modes would allow to observe efficient fast optical switching in future samples.
Parametric effects in between confined states and between confined and extended states can also be expected, and may allow the observation of coherence transfer between states or coherent effects [22] . The conception of new trap shapes, in particular coupled traps, would allow the possibility of seeing such effects between polaritons trapped in different mesas.
As one can see, the fabrication of new sample structures (in terms of composition or of trap shapes) will allow a wide range of phenomena to be observed, ranging from basic effects to applications.
